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(54) Apparatus for cleaning and drying substrates 

(57) A method and apparatus for cleaning, rinsing 
and Marangoni drying substrates is provided. A line of 
fluid is sprayed along a substrate surface forming an 
air/Fluid interface line, and a line of drying vapor is sup- 
plied to the interface line to achieve Marangoni drying. 
Thus, a large portion of the substrate is simultaneously 
dried. A preferred apparatus employs a tank of cleaning 
and/or rinsing fluid. Above the tankf luid a source of rins- 
ing fluid directs rinsing fluid to the surface of a substrate 
forming a meniscus on the substrate surface as the sub- 
strate is lifted from the cleaning fluid, and a drying vapor 
source directs drying vapor to the meniscus. The drying 
vapor lowers the surface tension of the meniscus, 
inducing a Marangoni flow of rinsing fluid from the sub- 
strate's surface, and thereby drying the substrate. The 
cleaning fluid tank has a substrate receiving and clean- 
ing portion and a substrate rinsing portion. The rinsing 
fluid source and the drying vapor source are enclosed 
by a drying enclosure above the rinsing portion of the 
tank. Thus, substrate loading, cleaning, rinsing, drying 
and unloading are performed with at least partial over- 
lap in time. 
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Description 

[0001] The present invention relates to processes 
for simultaneously rinsing and drying substrates. More 
particularly, the present invention relates to an ultra s 
clean process and apparatus for simultaneously rinsing 
and Marangoni drying a semiconductor substrate. 
[0002] As semiconductor device geometries con- 
tinue to decrease, the importance of ultra clean 
processing increases. Aqueous cleaning within a tank io 
of fluid (or a bath) followed by a rinsing bath (e.g., within 
a separate tank, or by replacing the cleaning tank fluid) 
achieves desirable cleaning levels. After removal from 
the rinsing bath, absent use of a drying apparatus, the 
bath fluid would evaporate from the substrate's surface i5 
causing streaking, spotting and/or leaving bath residue 
on the surface of the substrate. Such streaking, spotting 
and residue can cause subsequent device failure. 
Accordingly much attention has been directed to 
improved methods for drying a substrate as it is 20 
removed from an aqueous bath. 
[0003] A method known as Marangoni drying cre- 
ates a surface tension gradient to induce bath fluid to 
flow from the substrate in a manner that leaves the sub- 
strate virtually free of bath fluid, and thus avoids streak- 25 
ing, spotting and residue marks. Marangoni drying uses 
relatively small amounts of IPA. Specifically during 
Marangoni drying a solvent miscible with the bath fluid 
is introduced to a fluid meniscus which forms as the 
substrate is lifted from the bath or as the bath fluid is 30 
drained past the substrate. The solvent vapor is 
absorbed along the surface of the fluid, with the concen- 
tration of the absorbed vapor being higher at the tip of 
the meniscus. The higher concentration of absorbed 
vapor causes surface tension to be lower at the tip of the 35 
meniscus than in the bulk of the bath fluid, causing bath 
fluid to flow from the drying meniscus toward the bulk 
bath fluid. Such a flow is known as a "Marangoni" flow, 
and can be employed to achieve substrate drying with- 
out leaving streaks, spotting or bath residue on the sub- 40 
strate. 

[0004] A conventional Marangoni drying system is 
disclosed in European Application number 0 385 536 
A1, titled "Method and Arrangement for Drying Sub- 
strates After Treatment In a Liquid." The '536 System 45 
submerges a substrate in a fluid bath. A vapor (e.g., an 
alcohol vapor) miscible with the bath fluid is mixed with 
a carrier gas and then passed over the surface of the 
fluid bath via a plurality of nozzles. The vapor mixes with 
the fluid bath along the surface thereof, lowering the so 
surface tension of the fluid bath. A fluid meniscus forms 
along the air/liquid/substrate interface as a substrate is 
lifted from the fluid bath. This meniscus is formed from 
the surface layer, and thus has a lower surface tension 
than does the bulk bath fluid. Accordingly, fluid flows 55 
from the surface of the substrate to the bulk bath fluid, 
leaving a dry substrate surface. Although apparatuses 
such as that disclosed in the '536 Application effectively 



remove fluid from the substrate, they consume a consid- 
erable amount of fluid because the bath fluid cannot be 
filtered and recirculated to remove drying vapor there- 
from. Thus, the bath fluid must be replaced frequently to 
maintain a sufficient surface tension gradient at the dry- 
ing meniscus. Further, considerable time is required to 
transfer a substrate from the cleaning to the rinsing 
bath, or to replace bath fluid. 

[0005] Accordingly, a need exists for an improved 

method and apparatus that quickly and effectively 
cleans, rinses and dries a substrate, eliminating not only 
streaks, spotting and bath residue marks, but also con- 
serving rinsing fluid consumption and reducing the over- 
all time required for the cleaning, rinsing and drying 
process. 

[0006] The present invention provides a method 
and apparatus for simultaneously bath cleaning, rinsing 
and Marangoni drying a substrate. The invention is 
advantageously designed to increase system through- 
put and reduce fluid consumption. The invention com- 
prises an apparatus for drying a substrate, the 
apparatus comprising: 

a first linear nozzle (i.e., a nozzle having an elon- 
gated aperture capable of spraying a line of fluid so 
as to wet a relatively large portion of the substrate, 
as compared to a single standard nozzle); 
a fluid supply coupled to the first linear nozzle; 
a second linear nozzle positioned proximate the 
first nozzle such that drying vapors therefrom affect 
the fluid sprayed from the first linear nozzle to cre- 
ate a Marangoni drying effect; 
a drying vapor source coupled to the second linear 
nozzle; and 

a mechanism for passing the substrate past the first 
and second linear nozzles within an operative dis- 
tance such that the substrate is dried by the 
Marangoni drying effect. Alternatively the first and 
second linear nozzles can be replaced by a first and 
second linear array of fan type nozzles. As a further 
alternative, the drying vapor may be supplied pas- 
sively, rather than through one or more nozzles. 

[0007] The inventive nozzle system may be used 
with a number of conventional or inventive to further 
enhance clean/dry levels and system through-put. In a 
first embodiment, the inventive apparatus comprises a 
cleaning fluid tank, a lifting mechanism operatively cou- 
pled to the tank for lifting substrates from the tank, a dry- 
ing vapor source and a rinsing fluid source positioned to 
supply rinsing fluid to the surface of a substrate as the 
substrate is lifted from the tank. The rinsing fluid con- 
tacts the substrate forming an air/substrate/rinsing fluid 
interface preferably in the form of a meniscus. The dry- 
ing vapor source is positioned to supply drying vapor to 
the air/substrate/rinsing fluid interface, directing drying 
vapor to a point 1 -5mm above the air/substrate/rinsing 
fluid interface. Both the rinsing fluid source and the dry- 
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ing vapor source preferably comprise either an array of 
fan-type nozzles or a single line-type nozzle. However, 
the drying vapor source may also comprise a passive 
source such as a vessel filled with the drying fluid posi- 
tioned along the passage from the rinsing fluid source to 5 
the drying chamber so that drying vapors diffuse to the 
air/substrate/rinsing fluid interface. The rinsing fluid 
nozzles and the drying fluid nozzles may extend along 
both the frontside and the backside of the substrate and 
thereby simultaneously rinse and dry both sides of the w 
substrate. 

[0008] The active supply of drying vapors via drying 
vapor nozzles provides tight control over the concentra- 
tion of drying vapors at the drying meniscus. Unlike 
other bath-type Marangoni dryers, the present invention 15 
provides a continuous supply of fresh rinsing fluid 
which, unlike the more stagnant bath fluids, has no dry- 
ing vapors mixed therewith. Thus, the present invention 
experiences a larger surface tension gradient between 
the drying meniscus and the remainder of the rinsing 20 
fluid flow. The larger surface tension gradient enhances 
the speed of Marangoni drying. Most significantly, 
because less fluid is required to spray the entire surface 
of a substrate than to submerge the substrate, the use 
of rinsing fluid nozzles significantly reduces fluid con- 25 
sumption as compared to conventional bath-type 
Marangoni dryers. 

[0009] In a most preferred embodiment, the 
throughput of the inventive cleaning/drying system is 
enhanced via a two-part tank, having a first portion for 30 
receiving and cleaning a substrate and a second portion 
for rinsing a substrate. The first and the second portion 
of the cleaning tank are in fluid communication. A drying 
enclosure which encloses the rinsing fluid source and 
the drying vapor source is operatively coupled above 35 
the second portion of the tank, for receiving substrates 
therefrom. 

[0010] Preferably, a shuttle which supports a sub- 
strate along the outer edges thereof, receives a first 
substrate in the first portion of the tank and transports 40 
the substrate to the second portion of the tank. Thereaf- 
ter, the lifting mechanism lifts the first substrate into the 
drying enclosure, and the shuttle returns to the first por- 
tion of the tank. In this manner, the first substrate may 
be dried within the drying enclosure as a second sub- 45 
strate is loaded into the first portion of the cleaning tank, 
thus providing greater throughput and a corresponding 
decrease in processing costs. 

[0011] Other objects, features and advantages of 
the present invention will become more fully apparent so 
from the following detailed description of the preferred 
embodiments, the appended claims and the accompa- 
nying drawings. 

FIG. 1 A is a side elevational view of a cleaning/dry- 55 
ing system configured in accordance with the 
present invention; 

FIG. 1B is a front elevational view of the clean- 



ing/drying system of FIG. 1 A; 

FIG. 1 C is a close-up view of a substrate surface, 
useful in describing the drying operation of the 
present invention; and 

FIGS. 2A-D are sequential side elevational views of 
the cleaning/drying system of FIGS. 1A and IB, 
useful in describing the increased throughput of the 
present invention. 

[0012] FIGS. 1 A and 1 B are a side elevational view 
and a front elevational view, respectively of a preferred 
cleaning/drying system 11 configured in accordance 
with the present invention. The preferred cleaning/dry- 
ing system 1 1 comprises a tank 1 3 of cleaning fluid. The 
tank 13 comprises two portions, a substrate receiving 
and cleaning portion 13a and a substrate rinsing portion 
13b. A substrate shuttle 15 is operatively coupled to 
carry a substrate S from the substrate receiving and 
cleaning portion 13a to the substrate rinsing portion 
13b. The substrate shuttle 15 preferably is designed to 
support the substrate S vertically along the lateral sides 
thereof as shown in FIG. IB. Thus, a lifting mechanism 
1 7 within the substrate rinsing portion 1 3b of the tank 1 3 
can extend upward between a first and a second sup- 
porting sides 15a, 15b of the substrate shuttle 15, lifting 
the substrate S therebetween. 
[001 3] A first pair of rails 1 6a, 1 6b are permanently 
mounted within the rinsing portion 13b and are posi- 
tioned to receive the substrate S as the lifting mecha- 
nism 17 lifts the substrate S from the first and the 
second supporting sides 15a, 15b of the substrate sup- 
port 15. A second pair of rails 18a, 18b are permanently 
mounted within a drying enclosure 19 and are posi- 
tioned to receive the substrate S from the first pair of 
rails 16a, 16b. 

[001 4] The drying enclosure 1 9 is positioned above 
the substrate rinsing portion 13b of the tank 13 such 
that a substrate can be lifted from the substrate rinsing 
portion. 13b into the drying enclosure 19. The drying 
enclosure 19 is formed by a plurality of walls 19a-e. The 
outer sidewall 19c has a sealable port 21 through which 
the substrate S may be extracted. The inner wall 19a of 
the drying enclosure 19 extends downward so as to be 
partially submerged in the fluid contained within the 
tank 13. The drying enclosure 19 is either integral with 
the tank 13, or is sealingly coupled thereto via the outer 
sidewall 19c. The walls 19a-e may contain a plurality of 
holes (not shown) for exhausting residual vapors into an 
exhaust system (not shown). 

[0015] Within the drying enclosure 19, a rinsing 
fluid supply comprising one or more rinsing fluid nozzles 
23 is positioned to spray rinsing fluid across the entire 
horizontal diameter of the substrate S as the substrate 
S is lifted from the substrate rinsing portion 13b, and a 
drying vapor supply comprising one or more drying 
vapor nozzles 25 is positioned to flow drying vapor 
across the entire horizontal diameter of the substrate S 
as the substrate S is lifted from the substrate rinsing 
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portion 13b. The drying vapor nozzles 25 preferably are 
positioned so that the drying vapor will be absorbed by 
the rinsing fluid at an air/substrate/rinsing fluid interface 
27 shown in FIG. 1C. To achieve such absorption, the 
drying vapor flow preferably strikes the substrate S 1- 
5mm above the air/substrate/rinsing fluid interface 27. 
Also, as shown in FIG. 1C, the air/substrate/rinsing fluid 
interface 27 preferably forms a meniscus (as enclosed 
by the dashed circle "M") which facilitates Marangoni 
drying. 

[0016] Within the drying enclosure 19, the second 
pair of rails 18a, 18b is positioned to contact a dry por- 
tion (i.e., a portion that has passed through the rinsing 
fluid and drying vapor sprays) of the substrate S and to 
thereby receive the substrate S from the lifting mecha- 
nism 17. Retractable positioning pins 22a, 22b engage 
the substrates in the uppermost position, and hold the 
substrate S in a fixed position so that a wafer handler 
(not shown) may repeatably remove the substrate S 
from the drying enclosure 19. 

[0017] The rinsing fluid nozzles 23 and/or the dry- 
ing vapor nozzles 25 are coupled to a controller 31 , and 
the controller 31 is programmed to conserve rinsing 
fluid and/or drying vapor by selectively disengaging the 
outermost nozzles in the rinsing fluid and/or the drying 
vapor arrays while the lower half of the substrate S 
passes thereby The controller 31 also may be coupled 
to the lifting mechanism 17, to the positioning pins 22a, 
22b, and to the substrate shuttle 15 and is programmed 
to cause the same to operate as further described with 
reference to FIGS. 2A-D. 

[0018] FIGS. 2A-D are sequential side elevational 
views of the preferred cleaning/drying system 1 1 of FIG. 
1 , which are useful in describing the operation of the 
inventive cleaning/drying system 1 1 and the increased 
throughput achieved thereby. As shown in FIG. 2A, the 
substrate shuttle 15 is initially in a retracted position 
within the substrate receiving and cleaning portion 13a 
of the tank 1 3, and a substrate S is lowered into the sub- 
strate shuttle 15 via a wafer handler (not shown). 
[0019] The substrate S is megasonically cleaned 
within the substrate receiving and cleaning portion 13a 
via megasonic energy emitted from one or more trans- 
ducers T positioned within the substrate receiving and 
cleaning portion 13a. To facilitate even cleaning across 
the entire surface of the substrate S, the substrate S 
may be rotated via rollers (not shown). After the sub- 
strate S is clean, the substrate shuttle 15 extends, car- 
rying the substrate S into the substrate rinsing portion 
13b of the tank 13 as shown in FIG. 2B. 
[0020] The lifting mechanism 1 7 elevates, contact- 
ing the lower edge of the substrate S and slowly lifting 
the substrate S from the fluid (FIG. 2C). The substrate S 
preferably is lifted at a speed less than or equal to the 
vertical velocity component of rinsing fluid flowing out of 
the tip of the meniscus M. 

[0021] As the substrate S reaches the top of the 
tank fluid, the rinsing fluid nozzles 23 are engaged and 



begin to spray rinsing fluid such that the substrate S is 
contacted with rinsing fluid immediately as it is lifted 
from the bath and thus does not dry (e.g., via evapora- 
tion) prior to reaching the drying vapor nozzles 25. The 
5 flow rate of the rinsing fluid spray is controlled to prevent 
rinsing fluid from splashing into or above the drying 
vapor spray 

[0022] As soon as the substrate S intersects the 
rinsing fluid sprays from the rinsing fluid nozzles 23, the 

10 drying vapor nozzles 25 are engaged and direct a dry- 
ing vapor flow to the rinsing fluid meniscus M which 
forms on the surface of the substrate S. The drying 
vapors are absorbed by the rinsing fluid, which lowers 
the surface tension of the rinsing fluid and induces a 

15 Marangoni flow from the meniscus toward the bulk of 
the rinsing fluid. The Marangoni flow thereby dries the 
substrate's surface leaving the surface free of streaks, 
spotting and/or cleaning fluid residue. 
[0023] As the lifting mechanism 17 lifts the sub- 

20 strate S into the drying enclosure 19, the first and sec- 
ond supporting sides 15a, 15b of the substrate shuttle 
1 5 followed by the first pair of rails 1 6a, 1 6b provide sta- 
bilizing contact along the edges of the substrate S. After 
the substrate S disengages supporting sides 15a, 15b 

25 of the shuttle 15, the shuttle is returned to the receiving 
and cleaning portion 13a of the tank 13 and is ready to 
receive and clean the next substrate. The first pair of 
rails 1 6a, 1 6b support the substrate S below the air/sub- 
strate/rinsing fluid interface 27. The dry part of The sub- 

30 strate S is guided and supported by the second pair of 
rails 18a, 18b as the substrate S enters the drying 
enclosure 1 9. The gap between the first pair of rails 1 6a, 
16b and the second pair of rails 18a, 18b is sufficient to 
accommodate the rinsing fluid nozzles 23 and the dry- 

35 ing vapor nozzles 25, such that the substrate is dry 
when it encounters the second pair of rails 18a, 18b 
(e.g., 5-1 0mm.) The lifting mechanism 17 continues to 
lift the substrate S until the bottom portion thereof has 
passed through the drying meniscus M (FIG. 20). When 

40 the substrate S is 3-5mm above the positioning pins 
22a, 22b, controller 31 releases the positioning pins 
22a, 22b. The lifting mechanism 17 retracts, the sub- 
strate S lowers therewith until the substrate is supported 
by the positioning pins 22a, 22b, the rinsing fluid spray 

45 stops and residual rinsing fluid is driven off the substrate 
S's surface by the combined surface tension gradient 
and by a pulse of hot nitrogen which is applied to the 
bottom 3mm of the substrate via a nozzle (not shown) 
for 1 -2 seconds. Afterwards, the substrate S is unloaded 

50 from the drying enclosure 19 via the sealable port 21. 
The positioning pins 22a, 22b fix the Z-axis coordinate 
of the substrate S at a known position such that an 
unloading robot (not shown) may repeatably extract the 
substrate S. 

55 [0024] As the substrate is rinsed and dried the rins- 
ing fluid flows from the substrate into the tank 1 3, where 
it joins the tank fluid and overflows into overflow weirs 
(not shown). The rinsing fluid also could be continuously 
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introduced from the bottom of the tank 13 and may be 
recirculated through a heater and filter. 

[0025] As shown in FIG. 2D, during the time in 
which the substrate S is lifted into the first pair of rails 
16a, 16b, the substrate shuttle 15 retracts into the sub- s 
strata receiving and cleaning portion 13a and a second 
substrate S2 is loaded into the substrate shuttle 15 via a 
wafer handler (not shown). Thereafter, the second sub- 
strate S2 is megasonically cleaned while the first sub- 
strate Si is being rinsed and dried until the lifting 10 
mechanism 17 retracts. If cleaning and rinsing in the 
receiving and cleaning portion 13a is complete, sub- 
strate S2 is ready to be shuttled to the substrate rinsing 
portion 1 3b, while the first substrate Si is unloaded from 
the drying enclosure 1 9 via the sealable port 21 . In this is 
manner the throughput of the inventive cleaning/drying 
system 1 1 is increased, as the load and unload time 
required of conventional tank systems overlaps with the 
time required for processing (cleaning, rinsing and dry- 
ing). 20 
[0026] The foregoing description discloses only the 
preferred embodiments of the invention, modifications 
of the above disclosed apparatus and method which fall 
within the scope of the invention will be readily apparent 
to those of ordinary skill in the art. For instance, 25 
although an inventive two part tank having a drying 
enclosure positioned thereabove is preferred, the inven- 
tive cleaning, rinsing and drying method may be per- 
formed with use of a conventional tanK and may be 
performed with or without the drying enclosure. 30 
[0027] The cleaning fluid may comprise SCI, 
deionized water, or a ph adjusted solution for surface 
cleaning, etc. The rinsing fluid contained in the tank or 
sprayed through the nozzles may comprise deionized 
water with or without a corrosion inhibitor or other sol- 35 
vents, etc., and the drying vapor may comprise any 
vapor which exhibits low surface tension when con- 
densed or absorbed on the rinsing fluid surface (I PA, 
etc.). If the cleaning fluid differs from the rinsing fluid, 
the receiving and cleaning portion 13a would be seala- 40 
biy separated from the rinsing portion 13b by a sealable 
gate and the cleaning fluid would be drained into a stor- 
age vessel (not shown) and the receiving and cleaning 
portion 13a filled with rinsing fluid before opening the 
gate. Although less preferred, the transducers may be 45 
omitted, such that only rinsing and drying is performed 
or the transducers may be employed in the second por- 
tion 13b of the tank. The transducers, although shown 
positioned along the bottom of the tank, may be posi- 
tioned at other locations. Finally, the shuttle and lifting so 
mechanisms described are merely exemplary; other 
such mechanisms will be readily apparent to those of 
ordinary skill in the art. 

Claims ss 

1. An apparatus for rinsing and drying a substrate, 

comprising: 



a tank of fluid, for at least partially submerging 
a substrate; 

submerging a substrate; 

a lifting mechanism operatively coupled to the 
tank for lifting a substrate from the fluid; 
a rinsing fluid source positioned to supply rins- 
ing fluid to the surface of a substrate as the lift- 
ing mechanism lifts the substrate from the 
cleaning fluid, wherein the rinsing fluid contacts 
the substrate thereby forming an air/sub- 
strate/rinsing fluid interface; and 
a drying vapor source positioned to supply dry- 
ing vapors to the air/substrate/rinsing fluid 
interface. 

2. The apparatus of claim 1 wherein the rinsing fluid 
source comprises at least one nozzle and extends 
the diameter of the substrate so that a rinsing fluid 
spray wets each portion of the substrate's surface 
at and below the air/substrate/rinsing fluid interface. 

3. The apparatus of claim 2 wherein the rinsing fluid 
source comprises an array of nozzles positioned so 
that a rinsing fluid spray wets each portion of the 
substrate's surface at and below the air/sub- 
strate/rinsing fluid interface. 

4. The apparatus of claim 3 further comprising a con- 
troller operatively coupled to the array of nozzles 
such that a plurality of nozzles in the array can be 
independently turned on and off. 

5. The apparatus of any preceding claim wherein the 
tank comprises: 

a first portion for receiving and cleaning a sub- 
strate; and 

a second portion, operatively coupled to the 
first portion, for rinsing a substrate. 

6. The apparatus of claim 5 wherein the apparatus fur- 
ther comprises a drying enclosure operatively cou- 
pled above the second portion of the tank for 
receiving substrates therefrom, wherein the drying 
enclosure encloses the rinsing fluid source and the 
drying vapor source. 

7. The apparatus of claim 5 or claim 6 wherein the first 
and second portions are horizontally adjacent; and 
wherein the apparatus further comprises a sub- 
strate shuttle operatively coupled within the tank for 
receiving a substrate within the first portion and for 
shuttling the substrate to the second portion. 

8. The apparatus of claim 7 wherein the lifting mecha- 
nism is arranged to lift a substrate from the sub- 
strate shuttle to the drying enclosure. 
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9. The apparatus of claim 8 further comprising a 
mechanism adapted to hold the wafer in a fixed 
position. 

10. The apparatus of any of claims 6 to 9 wherein the s 
drying enclosure further comprises a side wall hav- 
ing a sealable opening for substrate extraction. 

11. A method for cleaning, rinsing and drying a sub- 
strate comprising: io 



12. The method of claim 11 wherein supplying drying 
vapor to the air/substrate/rinsing fluid interface 
comprises supplying a drying vapor miscible with 
the rinsing fluid to be absorbed at the air/sub- 25 
strate/rinsing fluid interface having a lower surface 
tension than a surface tension of the rinsing fluid, 
thereby inducing a Marangoni flow; and 



13. The method of claim 12 wherein the drying vapor is 
actively supplied to the air/substrate/rinsing fluid 35 
interface. 

14. The method of claim 11 wherein spraying rinsing 
fluid onto the surface of the first substrate com- 
prises controlling an array of rinsing fluid nozzles 40 
such that the outermost nozzles thereof are turned 

off after the diameter of the substrate has passed 
therethrough. 

15. An automated method for cleaning, rinsing and dry- 45 
ing substrates comprising: 



returning the shuttle back to the first portion of 
the tank after the first substrate is disengaged 
from the shuttle; 

spraying rinsing fluid onto the surface of the 
first substrate as the first substrate is lifted, 

thereby forming an air/substrate/rinsing fluid 
interface; 

supplying drying vapor to the air/substrate/rins- 
ing fluid interface as the first substrate is lifted; 

receiving a second substrate in the first portion 
of the tank; 

cleaning the second substrate in the first por- 
tion of the tank; 

fixing the first substrate in position for extrac- 
tion from the drying region; 
shuttling the second substrate to the second 
portion of the tank; and 

extracting the first substrate from the drying 
region; 

wherein at least one of receiving, cleaning and 
shuttling the second substrate at least partially 
overlaps in time with lifting and extracting the 
first substrate. 

16. The method of claim 15 wherein supplying drying 
vapor to the air/substrate/rinsing fluid interface 
comprises supplying a drying vapor miscible with 
the rinsing fluid being absorbed at the air/sub- 
strate/rinsing fluid interface, having a lower surface 
tension than a surface tension of the rinsing fluid, 
thereby inducing a Marangoni flow; and 

Marangoni drying the surface of the first sub- 
strate as the substrate is lifted through the rins- 
ing fluid spray 

17. An apparatus for drying a substrate, the apparatus 
comprising: 

a first linear nozzle; 

a fluid supply coupled to the first linear nozzle; 
a second linear nozzle positioned proximate 
the first linear nozzle such that drying vapors 
therefrom affect the fluid sprayed from the first 
nozzle to create a Marangoni drying effect; 
a drying vapor source coupled to the second 
linear nozzle; and 

a mechanism for passing the substrate past the 
first and second linear nozzles within an opera- 
tive distance such that the substrate is dried by 
the Marongoni drying effect. 

18. The apparatus of claim 17 wherein the second lin- 
ear nozzle is parallel to the first linear nozzle. 

19. The apparatus of claims 17 or 18 wherein the first 
linear nozzle comprises one nozzle and extends 
the diameter of the substrate so that rinsing fluid 



providing a tank of fluid having a first portion 

and a second portion; 

at least partially submerging a first substrate in so 
the first portion of the tank; 
cleaning the first substrate in the first portion of 
the tank; 

shuttling the first substrate from the first portion 
of the tank to the second portion of the tank via 55 
a shuttle; 

lifting the substrate from the second portion of 
the tank to a drying region; 



at least partially submerging a first substrate in 
a tank of fluid; 

lifting the first substrate from the fluid; 

spraying rinsing fluid onto the surface of the 15 

first substrate as the substrate is lifted, thereby 

forming an air/substrate/rinsing fluid interface; 

and 

supplying drying vapor to the air/substrate/rins- 
ing fluid interface. 20 



Marangoni drying the surface of the first sub- 30 
strate as the substrate is lifted through the rins- 
ing fluid spray 
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spray wets each portion of the substrate's diameter. 

20. The apparatus of claims 17 or 18 wherein the first 
linear nozzle comprises one nozzle and extends 
the radius of the substrate so that rinsing fluid spray s 
wets each portion of the substrate's radius. 

21 . An apparatus for drying a substrate, the apparatus 
comprising: 

10 

a first array of fan type nozzles which extends 
at least the radius of the substrate; 
a fluid supply coupled to the first array of fan 
type nozzles; 

a second array of fan type nozzles positioned is 
proximate the first array of fan type nozzles 
such that drying vapors therefrom affect the 
fluid sprayed from the first nozzle to create a 
Marangoni drying effect; 

a drying vapor source coupled to the second 20 
array of fan type nozzles; and 
a mechanism for passing the substrate past the 
first array of fan type nozzles and second array 
of fan type nozzles within an operative distance 
such that the substrate is dried by the 25 
Marangoni drying effect. 

22. The apparatus of claim 21 further comprising a con- 
troller operatively coupled to the first and second 
array of fan type nozzles such that a plurality of the 30 
nozzles in the array can be independently turned 
ON and OFF, wherein the first and second arrays 
extend the diameter of the substrate. 

23. A method of drying a substrate comprising: 35 

spraying a fluid from a first linear nozzle at a 
surface of the substrate; 
spraying drying vapors, from a second linear 
nozzle positioned proximate the first linear noz- 40 
zle, to the surface of the substrate such that the 
drying vapors affect the fluid sprayed from the 
first linear nozzle thereby creating a Marongoni 
drying effect at the substrate surface; and 
moving the substrate relative to the first and the 45 
second linear nozzles within an operative dis- 
tance such that the substrate is dried by the 
Marangoni drying effect. 

24. The method of claim 23 wherein spraying fluid from so 
a first linear nozzle to a surface of the substrate 
comprises wetting the entire diameter of the sub- 
strate's surface. 

25. The method of claim 23 or claim 24 wherein moving ss 
the substrate relative to the first and the second lin- 
ear nozzles comprises maintaining the first and the 
second linear nozzles stationary and moving the 



substrate therepast. 

26. The method of claim 23 or claim 24 wherein moving 
the substrate relative to the first and the second lin- 
ear nozzles comprises maintaining the substrate 
stationary and moving the first and the second lin- 
ear nozzles therepast. 

27. A method of drying a substrate comprising: 

spraying a line of fluid to a substrate, thereby 
creating an air/fluid interface line on the sub- 
strate; 

supplying a line of drying vapors to the air/Fluid 
interface line, thereby creating a Marangoni 
drying effect along the air/fluid interface line; 
and 

moving the substrate relative to the air/Fluid 
interface line. 

28. The method of claim 27 wherein spraying a line of 
fluid comprises spraying fluid from a plurality of fan 
type nozzles. 
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sprayed along a substrate surface forming an air/ 
fluid interface line, and a line of drying vapor 
is supplied to the interface line to achieve 
Marangoni drying. Thus, a large portion of the 
substrate is simultaneously dried. A preferred 
apparatus employs a tank of cleaning and/or 
rinsing fluid. Above the tank fluid a source of 
rinsing fluid directs rinsing fluid to the surface 
of a substrate forming a meniscus on the substrate 
surface as the substrate is lifted from the 
cleaning fluid, and a drying vapor source directs 
drying vapor to the meniscus. The drying vapor 
lowers the surface tension of the meniscus, 
inducing a Marangoni flow of rinsing fluid from 
the substrate's surface, and thereby drying the 
substrate. The cleaning fluid tank has a substrate 
receiving and cleaning portion and a substrate 
rinsing portion. The rinsing fluid source and the 
drying vapor source are enclosed by a drying 
enclosure above the rinsing portion of the tank. 
Thus, substrate loading, cleaning, rinsing, drying 
and unloading are performed with at least partial 
overlap in time. 



file:///CI/Documents%20and%20Settings/sgravini/My%2...21_201 l-06-29_EP_1039506_A2_M_AccessibleVersion.htm (2 of 2)6/29/201 1 10:49:20 AM 



